Abstract. Astrocytes play a critical role in maintaining cerebral homeostasis and their dysregulation is thought to contribute to the pathogenesis of several diseases, including brain cancer and metastasis. Similar to the human disease, we found that lung and melanoma metastases in the mouse brain are accompanied by a reactive gliosis. To begin to study the biology of astrocytes and examine how these cells might contribute to metastasis formation and progression in the brain, we generated a conditionally immortal astrocyte cell line from H-2K b -tsA58 mice. Astrocytes grown in culture expressed glial fibrillary acid protein (GFAP), glutamate receptor 1, and the N-methyl-D-aspartate (NMDA) receptor. Astrocytes also expressed the glial-specific transporters excitatory amino acid transporter 1 (EAAT1) and EAAT2. Astrocytes grown under permissive conditions (33˚C) expressed SV40 large T antigen and had a doubling time of 36 h, whereas expression of SV40 large T antigen was negligible in astrocytes grown at 37˚C for 72 h, which coincided with a plateau in cell division. In a co-culture assay with human lung adenocarcinoma cells (PC14-PE6), astrocytes activated programs in the tumor cells that signal for cell division and survival. Hence, the immortalized cell line will be useful for studying the role of astrocytes in disease processes in the brain, such as metastasis.
Introduction
Astrocytes contribute to cerebral homeostasis by lending support to the blood-brain barrier (1, 2) , regulating the central nervous system (CNS) response to inflammation (3) and participating in synaptic transmission (4) . In addition, recent studies have shown that the signaling that takes place between astrocytes and neurons plays an important role in modulating local blood flow in the brain (5, 6) . Emerging evidence suggests that astrocytes may also be involved in the initiation and propagation of several neurological disorders. Indeed, to date, astrocytes have been implicated in the pathogenesis of multiple sclerosis (7) , amyotrophic lateral sclerosis (8, 9) , epilepsy (10) , clinical pain syndromes (11) and other human CNS diseases (12) . Given their important regulatory role in both health and disease processes, it is not surprising that astrocytes have been the focus of considerable investigative effort.
Much of our understanding of astrocyte biology is derived from in vitro examinations performed on human (13) and rodent (14) astrocytes. Studies of astrocytes in cell culture have provided investigators with an opportunity to predict astrocyte gene expression in the brain (15) , to identify factors that regulate astrocytic expression of cell adhesion molecules (16) and chemokines (17) , and to establish in vitro models of the blood-brain barrier that can be used for CNS drug discovery and development (18) . The concept of the blood-brain barrier has evolved over recent years to include several different cell types, such as neurons, pericytes, astrocytes and microvascular endothelial cells, that collaborate to form a 'neurovascular unit' (19) . When modeling the blood-brain barrier in vitro, investigators frequently rely on cerebral microvascular endothelial cells that have been transfected with plasmids coding for the simian virus 40 (SV40) large T antigen (20, 21) . Perhaps two of the greatest advantages of using immortalized cell lines are that they greatly reduce the frequency with which stock cultures need to be replenished, and they may also minimize some of the phenotypic drift that tends to occur in cells that are maintained in cell culture for extended periods of time.
Recently, our laboratory generated a number of conditionally immortal microvascular endothelial cell lines from transgenic mice that harbor a temperature-sensitive SV40 large T antigen (H-2K b -tsA58 mice) (22) . This mouse line appears to provide an improved source of immortalized cells inasmuch as it overcomes many of the limitations associated with the in vitro transfection process (e.g., initial requirement for large number of cells, different sites of gene integration, multiple copy number) (22, 23) . The presence of the thermo-
Generation of an immortalized astrocyte cell line from H-2K
b -tsA58 mice to study the role of astrocytes in brain metastasis labile large T antigen in these cells also provides the investigator with a means with which to control the level of cell differentiation (22) . Moreover, the immortalized cell lines generated in our laboratory have significantly contributed to our studies of the tumor blood supply by providing us with a resource to define the molecular basis for different anti-angiogenic therapies (24, 25) , identify new factors that encourage the vascularization of tumors (26) , and to precisely model the tumor-associated blood vasculature in vitro (27) .
In the present study, we wanted to establish a conditionally immortal astrocyte cell line from H-2K b -tsA58 mice that could be utilized in conjunction with the existing brain endothelial cell line and provide us with a working model of the blood-brain barrier. The generation of an astrocyte cell line could also be used to study any reciprocal signaling that takes place between astrocytes and tumor cells, and these investigations could potentially lead to the identification of new targets for anti-cancer therapy. The methodology utilized to generate immortal astrocyte cells from H-2K b -tsA58 mice is described below.
Materials and methods
Reagents. The following antibodies were titrated and used in this study: anti-GFAP from Biocare Medical (Concord, CA); anti-EAATI (H-50), anti-EAAT2 (H-85), anti-glutamate receptor-1 (sc-28799), and N-methyl-D-aspartic acid (NMDA) receptor epsilon 1 (sc-9056) from Santa Cruz Biotechnology (Santa Cruz, CA); SV40 large T antigen (Oncogene Research, San Diego, CA); phospho-Akt (Ser-473), Akt, phospho-ERK1/2 (Thr-202/Tyr-204), P44/42 (Cell Signaling Technology, Beverley, MA); ß-actin (Sigma, St. Louis, MO); CD68 from Serotech (Raleigh, NC). Secondary reagents included a peroxidase-conjugated goat anti-rabbit IgG F(abV)2, Cy3 conjugated goat anti-rabbit IgG, Cy5 conjugated goat anti-rat IgG from Jackson ImmunoResearch Laboratories (West Grove, PA) and streptavidin-conjugated Alexa 594 fluorescent IgG from Molecular Probes (Eugene, OR). A tyramide signal amplification reagent (NEN Life Science Products, Boston, MA) was also used in the study according to the manufacturer's instructions.
Animals. Neonatal mice homozygous for a temperaturesensitive SV40 large T antigen (H-2K b tsA58 mice: CBA/ca X C57Bl/10 hybrid; Charles River Laboratories, Wilmington, MA), were used to isolate astrocytes. Male athymic nude mice (NCI-nu) and C3H mice were purchased from the National Cancer Institute Frederick Cancer Research and Development Center (Frederick, MD). All mice were housed and maintained in pathogen-free conditions and used in the experiments in accordance with institutional guidelines and the current regulations of the National Institutes of Health, the United States Department of Health and Human Services, and the United States Department of Agriculture.
Tumor cell lines and culture conditions. PC14-PE6 human lung adenocarcinoma cells (28) and K-1735 murine melanoma cells (29) were maintained in minimum essential medium (MEM) supplemented with 10% fetal bovine serum (FBS), non-essential amino acids, L-glutamine, a two-fold vitamin solution (all from Life Technologies, Grand Island, NY), and a penicillin/streptomycin mixture (Flow Laboratories, Rockville, MD). Cultures were maintained at 37˚C in 5% CO 2 and 95% air and determined to be free of Mycoplasma and pathogenic murine viruses (assayed by Scientific Applications International Co., Frederick, MD). Experimental brain metastasis model. Examinations performed on human brain tissue revealed that reactive gliosis is a hallmark of brain metastasis (30) . To determine if the same phenomenon is a characteristic of brain metastases in mice, we injected 10 nude mice with PC14-PE6 lung adenocarcinoma cells and 10 C3H mice with K-1735 melanoma cells via the common carotid artery. In brief, mice were anesthetized with methoxyflurane and the skin was prepared for surgery in standard fashion. The mice were placed in the supine position and viewed under a dissecting microscope. The carotid artery was prepared for injection distal to the point of division into the internal and external carotid arteries. A ligature of 4-0 silk suture was placed in the distal part of the common carotid artery. A second ligature was placed and loosely tied proximal to the injection site. A sterile cotton tip applicator was inserted under the artery just distal to the injection site to elevate the carotid artery and to prevent any bleeding from the carotid artery that may occur as a result of retrograde flow. A small incision was made in the artery and a 30-gauge glass cannula was inserted into the lumen. In both PC14-PE6 and K-1735 tumor models, 2.5x10 5 cancer cells in 100 μl of PBS was injected slowly into the common carotid artery and at this time the second ligature was tightened and the skin closed with sutures. Three mice from each tumor group were sacrificed 7 days after tumor cell injection, three were sacrificed 14 days after injection, and four mice were sacrificed 28 days after tumor cell injection. Brain tissue was collected and placed into OCT compound (Miles Laboratories, Elkhart, IN) to be snapfrozen in liquid nitrogen. The presence of visible brain metastases was confirmed by histology.
Astrocyte isolation. Neonatal mice were euthanised in a carbon dioxide chamber and the skin was scrubbed with betadyne solution. Sterile microforceps (Roboz Surgical Instrument Co., Gaithersburg, MD) were used to remove the skin from the skull and microscissors were used to create a circular posterior incision from the opening of the left ear to the opening of the right ear. Another incision was made along the brain midline and the skull was divided to allow access to the cranial cavity. The optic nerves were clipped and the brain removed with a blunt forceps and placed into 100 ml ice-cold phosphate buffered saline (PBS). Whole neocortices were dissected and the hippocampus and internal structures were removed to leave only the cortical sheets. The meninges were stripped away, and the cortical sheets were minced with a scalpel and digested for 30 min at 37˚C in Dulbecco's modified essential media (DMEM) containing 0.1% collagenase (150 U/ml; Worthington Biochemical Corp., Lakewood, NJ) and 40 μg/ml deoxyribonuclease (Sigma). The cortical tissue was then triturated in DMEM containing 10% FBS and filtered through a 50-μm sterile mesh. The resulting single-cell suspension was plated onto 75 cm 2 tissue culture flasks that had been previously coated with 5 μg/ml mouse laminin (Sigma). The cells were allowed to grow for 7 days in DMEM containing 10% FBS and supplements (see above) in an atmosphere of 8% CO 2 (to achieve proper buffering of pH at 33˚C). At this time, astroglial cells formed a confluent monolayer with neurons, oligodendrocytes and fibroblasts growing on top. These contaminating cells were removed by rotary shaking the flasks overnight at 250 revolutions per min in a warm room. The resulting cultures were composed of more than 95% astrocytes as determined by immunoreactivity with antibodies directed against GFAP. These cultures were expanded and the procedure was repeated and the percentage of astrocytes in these cultures was determined to exceed 99%.
Double immunofluorescence staining for CD68 and GFAP and confocal imaging of brain metastases.
Frozen tissues were used to identify populations of cells that expressed GFAP and CD68. The tissues were sectioned (8-10 μm), mounted on positively charged slides and air-dried for 30 min. Tissue fixation was carried out by subjecting the tissues to three sequential immersions in ice-cold solutions containing acetone, acetone-chloroform (50:50 v/v), and acetone (5 min each). The samples were blocked briefly in 5% normal horse serum and 1% goat serum solution and incubated with antibody directed against GFAP at 4˚C overnight. The slides were washed three times in PBS and then incubated with Cy3-conjugated goat anti-rabbit antibody for 1 h at room temperature. The samples were washed three times in PBS and then incubated with antibody targeted against CD68 at 4˚C overnight. The samples were rinsed in PBS and then incubated with Cy5-conjugated corresponding secondary antibody for 1 h. Samples were rinsed and briefly incubated with Sytox green (Molecular Probes) to visualize the cell nuclei. The slides were mounted with a glycerol/PBS solution containing 0.1 M propyl gallate (Sigma) to minimize fluorescent bleaching and covered with a glass coverslip (Fischer Scientific, Pittsburg, PA).
Confocal fluorescence images were collected using a Zeiss LSM 510 laser scanning microscope (Carl Zeiss, Thornwood, NY) equipped with an argon laser (458/477/ 488/514 nm, 30 mW), HeNe lasers (543 nm, 1 mW and 633 nm, 5 mW), LSM510 control and image acquisition software, and appropriate filters (Chroma Technology Corp., Brattleboro, VT). Collected images were exported to Adobe Photoshop software and prepared for publication. Astrocytes were identified by blue fluorescence, while CD68-positive cells were identified by red fluorescence.
Immunohistochemical analysis of astrocytes in cell culture.
The expression of GFAP, glutamate receptors (glutamate receptor 1, NMDA receptor) and glutamate transporters (EAAT1 and EAAT2) was determined by immunofluorescence staining. Astrocytes were plated onto four-chamber slides at a density of 3x10 4 cells/well in 10% DMEM and allowed to incubate overnight at 37˚C. At this time, the incubation media was aspirated and replaced with DMEM containing 10% FBS for 72 h. The cells were washed once and then fixed in acetone for 15 min. The slides were blocked in PBS containing 5% normal horse serum and 1% normal goat serum. The slides were incubated in primary antibody (all primary antibodies used at 1:100 dilution) overnight at 4˚C, rinsed three times with PBS, and the sample coated in protein blocking solution for 10 min. A peroxidase-conjugated antibody that reacted with the primary antibody was then added for 45 min. The slides were rinsed and then incubated in a biotin tyramide solution for 10 min, washed twice, and incubated for 45 min in streptavidin-conjugated Alexa fluorescent 594. Slides were washed twice in PBS and the cell nuclei stained with Hoechst 33342 (Polysciences, Inc., Warrington, PA) for 2 min followed by washing in PBS. Immunofluorescence microscopy was performed using a Zeiss Axioplan fluorescence microscope (Carl Zeiss, Inc., Thornwood, NY) equipped with a 100-W Hg-lamp and narrow band pass excitation filters (Chroma Technology Corp., Brattleboro, VT). Images were captured with a cooled charged coupled device Hamamatsu C5810 camera (Hamamatsu Photonics K.K., Bridgewater, NJ) and ImagePro software (Media Cybernetics Inc., Silver Spring, MD). Composite photographs were made using Adobe PhotoShop software.
Western blot analysis. The kinetics of expression of the temperature-sensitive SV40 large T antigen were measured as described previously (25) . In brief, 4x10 5 astrocytes were plated onto a series of 10 cm culture dishes in DMEM containing 10% FBS and placed in an incubator adjusted for 33˚C for 72 h, or an incubator adjusted for 37˚C for 24, 48, or 72 h. At each time point, the cells were washed with buffer [20 mM Tris-HCl (pH 8.0), 137 mM NaCl, 10% glycerol, 2 mM EDTA, 1 mM phenylmethylsulfonyl fluoride, 2 mM sodium orthovanadate, 20 μM leupeptin and 0.15 U/ml aprontinin]. Protein concentrations were determined using the Bradford method (Bio-Rad Laboratories, Hercules, CA), and 50 μg of total protein resolved in 10% SDS-PAGE under reducing conditions were transferred to polyvinylidene difluoride membranes. Membranes were blocked with 5% (w/v) non-fat dried milk in 0.1% Tween-20 (Sigma) in PBS for 1 h and then incubated overnight at 4˚C with an antibody directed against the SV40 large T antigen. Immunodetection was performed using the corresponding secondary horseradish peroxidase-conjugated antibodies. Horseradish peroxidase activity was detected using enhanced chemiluminescence (Amersham Biosciences, Piscataway, NJ).
Determination of doubling time.
Astrocytes were plated onto 96-well plates at a density of 1000 cells/well in DMEM containing 10% FBS. Cell growth was evaluated under both permissive (33˚C) and non-permissive (37˚C) conditions. The proliferative activity was determined every 24 h by the 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenol-tetrazolium bromide assay using a Dynatech MR-5000 96-well microtiter plate reader set at 570 nm. Increase in absorbance was considered a measure of cell proliferation (31) . gently transferred to empty 6-well plates and placed into a 37˚C incubator. PC14-PE6 lung adenocarcinoma cells were plated in 6-well plates at a density of 5x10 5 cells/well in 2 ml of DMEM containing 10% FBS. After an overnight incubation, the medium from astrocytes and tumor cells was aspirated and replaced with serum-free medium. The astrocyte containing inserts were then transferred to the 6-well plates of tumor cells and the two cell types were allowed to co-incubate for either 24 or 48 h. Control samples consisted of cell-free inserts placed into 6-well plates that contained tumor cells. At each time point the inserts were discarded and the tumor cells were washed with ice-cold PBS and lysed with buffer. The extent of Akt and ERK1/2 phosphorylation was evaluated by Western analysis.
Results

Expression of GFAP and CD68 in experimental lung adenocarcinoma (PC14-PE6) and melanoma (K-1735) brain metastases.
Routine staining performed on a large series of human brain metastasis cases indicate that reactive astrogliosis is a distinctive feature of the disease (30) . To determine whether reactive gliosis is characteristic of metastases in the mouse brain, we injected nude mice with human PC14-PE6 lung adenocarcinomas cells and C3H mice with K-1735 mouse melanoma cells into the common carotid artery of mice. Mice were divided into three groups and were euthanized at either 7, 14 or 28 days following the injection of tumor cells. The incidence of brain metastasis at each individual time point was 100%, as determined by routine histology in both of the experimental metastasis models (data not shown). Even in small developing metastases (day 7 and day 14), we observed reactive astrocytes adjacent to the tumor cells ( Fig. 1A and B) . In contrast, no GFAP-positive astrocytes were detected in similar locations of the brain in non-tumorbearing mice (data not shown). Reactive astrocytes were also observed at the tumor-brain interface in more advanced experimental metastases (Fig. 1C) .
CD68 is a widely used marker for the identification of macrophages and microglia (32) . In order to determine the extent that these two cell populations localized to brain metastases, we stained sections with anti-CD68 antibodies. Only an occassional CD68 positive cell was detected in small metastases ( Fig. 1A and B) . However, we noted a significant increase in the number of CD68 cells at the tumor border in more advanced tumors (Fig. 1C) . Astrocytes did not label with the CD68 antibody. Morphologically, microglial cells are characterized by a scant cytoplasm and a number of highly branched processes and while we did detect an occasional cell that fit this description, the majority of the CD68-positive cells possessed a round structure. Based on this observation, we concluded that the majority of the CD68 positive cells in the mouse brain metastases were macrophages that were recruited from the peripheral circulation.
Immunohistochemical analysis of isolated immortal astrocytes.
Immunofluorescence staining was used to assess the expression of GFAP, glutamate receptors (glutamate receptor 1, NMDA receptor) and glutamate transporters (EAAT1 and EAAT2) ( Fig. 2A-F) . We noted that the experimental approach used for astrocyte selection produced a pure population of astrocytes based on the homogeneous labeling for GFAP (Fig. 2B) . Indeed, only a rare cell failed to express high levels of GFAP and we estimated that more than 99% of the cells that had undergone the selection approach were astrocyte in origin. Similarly, we found that the astrocytes were uniformly positive for glutamate receptors (Fig. 2C and D) and the glial-specific transporters EAAT1 and EAAT2 (Fig. 2E and F) .
Astrocyte growth characteristics. Western blot analysis was carried out to determine the kinetics of SV40 large T antigen in the immortalized astrocytes. Astrocytes growing under the permissive 33˚C temperature expressed robust levels of the SV40 large T antigen (Fig. 3A) . Expression of the SV40 large T antigen decreased in a time-dependent manner in astrocytes that were placed in a 37˚C incubator and levels were negligible after 72 h of culture (Fig. 3A) . Astrocyte cell division paralleled expression of the SV40 large T antigen (Fig. 3B) . We noted that astrocytes growing in a 33˚C environment remained in log phase growth and doubled their population in as little as 36 h. In contrast, astrocytes growing in 37˚C conditions experienced a slight increase in number immediately after plating, but their growth started to plateau within 72 h.
Astrocyte/PC14-PE6 tumor cell co-culture. To determine if astrocytes could affect intracellular signaling pathways that regulate cell division and survival programs of tumor cells, we co-cultured astrocytes with PC14-PE6 lung cancer cells. We noted that ERK1/2 was phosphorylated on tumor cells that had been co-cultured with astrocytes for a period of 24 or 48 h (Fig. 4) . In contrast, no phosphorylation was evident on lung tumor cells that were cultured with empty inserts. Akt was constitutively phosphorylated in PC14-PE6 cells that were cultured with inserts only and expression did not increase in PC14-PE6 cells that were cultured with astrocytes (data not shown).
Discussion
The regulatory role of astrocytes in maintaining the constancy of the CNS has been appreciated for some time now, and more recent investigations of astrocytes have been directed toward determining the contribution of these cells to the pathogenesis of disease in the brain. Considerable information has been generated from examinations conducted on astrocytes growing in cell culture. The objective of this study was to establish a conditionally immortalized astrocyte cell line from H-2K b -tsA58 mice that could be used for future studies designed to determine the role of astrocytes in the progression of brain metastasis.
The results from our experimental brain metastasis studies show that astrocytes become activated in response to very small tumor foci (Fig. 1A) , and that the number of reactive astrocytes associated with a given tumor is directly related to the size of the tumor (Fig. 1B) . As the size of metastasis increases, a population of CD68-positive macrophages joins the astrocytes, and both cell types can be observed congregating at the interface between the tumor and normal tissue (Fig. 1C) . Very limited information exists concerning the cellular and molecular mechanisms that promote astrocyte activation in response to tumor cells. However, there are some data in the literature to suggest that the stimuli that provoke mechanical disturbances (e.g., stretch) in the brain are responsible for eliciting reactive gliosis (33) . Thus, one possibility exists that astrocyte mechanoreceptors sense the physical distortion caused by an expanding tumor mass and respond by becoming activated and upregulating expression of GFAP. In any event, the consequences of astrocyte reactivity to metastasis progression remain unclear. Based on the in vivo data, we determined that the generation of an immortalized astrocyte cell line could prove valuable in improving our understanding of the role, if any, of astrocytes in the progression of brain metastasis.
As previously mentioned, one of the primary motivations for employing the H-2K b -tsA58 mouse line for our astrocyte isolation strategy was that the temperature-sensitive large T antigen in these cells allows the user to control the level of cell differentiation (22) . In this regard, we noted that the rate of astrocyte cell division is closely coupled with expression levels of the SV40 large T antigen. For example, SV40 large T antigen expression is maximal in cells growing at 33˚C, and the cells are in log phase growth. However, expression of the SV40 large T antigen declines dramatically in cells that are subjected to three days in a 37˚C environment and this time point coincides with a plateau in cell division. The alterations in astrocyte SV40 large T antigen expression in response to changes in temperature are virtually identical to those reported on a lymphatic endothelial cell line from the same animal (25) . The results of these experiments indicate that the immortal astrocyte cell line may be useful for examining rapidly dividing astrocytes, as well as astrocytes that are in a more differentiated state.
Immunohistochemical staining for GFAP on the cell isolates suggested that the methodology that we employed for cell selection yields a pure population of astrocytes. GFAP is the major intermediate filament protein in the CNS of adults that lack any underlying cerebral pathology, and expression levels are enhanced in response to a variety of neurological disorders (34) . In fact, overexpression of GFAP by astrocytes is considered to be one of the hallmarks of reactive gliosis (34) . We also found that the astrocytes exhibited homogeneous expression of glutamate receptors (GluR1 and NMDA) and transporters (EAAT1 and EAAT2). Astrocytes are one of the central regulators of glutamatemediated activities in the brain and are responsible for the formation of the precursors for glutamate synthesis, the reuptake of released transmitter, and the disposal of excess glutamate (35) . There are studies showing that activation of NMDA receptors on tumor cells can stimulate the growth of primary brain tumors (36) , but the role of glutamate signaling in brain metastases has not been studied.
Similarly, very little is known regarding any reciprocal transfer of information that may occur between astrocytes and metastatic tumor cells. We wanted to determine whether astrocytes could activate programs in tumor cells that regulate cell proliferation and survival. We chose a transwell coculture system for a model and elected to include lung cancer cells in the experiment given the fact that lung cancers are the primary source of brain metastases (37) . We found that co-incubation of astrocytes with PC14-PE6 lung tumor cells for either 24 or 48 h stimulates phosphorylation of ERK1/2 on the tumor cells. ERK signaling is activated by a variety of extracellular signals and phosphorylated ERK may regulate a number of cellular responses that favor tumor progression including, proliferation, survival, migration and angiogenesis (38) . Because the chamber that we used allows communication through soluble factors and cell-cell contact, it will be important to determine the mechanism of ERK activation. More importantly, studies in the whole animal are needed to confirm the in vitro data. Nevertheless, this experiment demonstrates one of the potential uses for the astrocyte cell line.
It is becoming increasingly clear that metastatic progression is regulated, in large part, by interactions that take place between tumor cells and non-tumor cells residing in the organ microenvironment (39, 40) . For example, fibroblasts residing in invasive breast carcinomas have been shown to increase the microvascular surface area of tumors (41) and by doing so, increase the possibility that tumor cells will gain access into the systemic circulation. Tumors that preferentially spread to the lung were found to signal to pulmonary endothelial cells during the premetastic phase to increase the production of matrix metalloproteinases in the lung in order to prepare the tissue for invasion (42) . However, few studies have examined the contribution of astrocytes to tumor metastasis. We anticipate that the immortalized astrocyte cell line described in this report will significantly contribute to our studies of brain metastasis.
